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INTRODUCTION
It is becoming increasingly evident that
the numerous comparative descriptions of certain saurian groups, which have been based
mainly on external characters need to be supplemented by accounts of their internal anatomy, ecology, physiology, cytology, and genetics,
as suggested by Huxley (1940:1), in order to
fully understand tlie taxonomic and phylogeneThis need is strongly
tic positions they hold.
brought to mind when one considers the long
confused case of the genus Crotaphytiis Holbrook.
The purpose of this study is to describe and
compare features of the anterior myology and
osteology among members of the genus Crotaphytus for use, in addition to external characteristics, in determining if it is advisable to
separate Gambelia Baird as a monotypic genus,

as

proposed by Hobart M. Smith

(1946:158-

166).
It is hoped that the descriptions and plates
herein will also aid in, and encourage gross
anatomical studies of reptiles, add to our understanding of homologies, and indicate some
of the structures which are important phylogenetically and taxonomically.
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MATERIALS AND METHODS
The

sected.

A

male and a female of Crotaphytus reticufrom Webb and Dimmit Counties,
Texas (snout to vent lengths 115 and 110 relatus Baird

•We
1852bl.

spectively) were the only representatives of this
species examined.
The sixty-nine lizards of Crotaphytus w. wislizeni included in this study came from Navajo

County. Arizona; Owyhee County, Idaho;
Clark, Lander, Lincoln, Nye, Storey, and White
Pine Counties, Nevada; and from Beaver, ELmery, Garfield, Grand, Iron, Juab, Kane, Millard, Sanpete, San Juan, Tooele, Utah, Washington, and Wayne Counties, Utah.
The seventy-eight members of Crotaphytus
c. baileyi used were collected in Coconino, Gila,
and Navajo Counties, Arizona; Chihuahua,
Mexico; Ada and Owyhee Counties, Idaho;
Clark County, Nevada; and Emery, Garfield,
Grand, Juab, Kane, Millard, Tooele, Utah,
Washington, and Wayne Counties, Utah.
The majority of specimens was well preserved in formalin. However, a few were killed
freshly by injecting water into the abdomen
and the subcutaneous sinuses. This caused an
expansion of the muscles as a result of osmotic
pressure, thus pennitting the recognition of aspects which are not so evident in preserved
material.
Other specimens were injected or

subcutaneously

mine

follow Taylor

I

1955 41

1

412

1

in

considerine this manuscript tu

painted

with

45%

aceto-car-

make

the thin, superficial layers of
muscle opaque enough to be seen clearly.
to

Skeletons were prepared by bacterial acor by an overnight soaking of a fresh,
skinned lizard in 50% ammonium hydroxide,
with a subsequent 1-10 minute period of boiling
in water. The later method gave better results.
tion

It should be mentioned that the skull measurements included in the statistical analysis
section were made from preserved specimens,

dissected, and not from skulls disby the cleaning techniques. All the
measurements are in millimeters and were
made with the aid of a hand micrometer and

carefully
torted

a dissecting microscope.

principal subspecies used for this study

have been Crotaphytus wislizeni wislizeni Baird
and Girard and Crotaphytus collaris baileyi
Stejneger. However, four specimens of Crotaphytus collaris auriceps Fitch and Taimer from
Grand County, Utah, and three of Crotaphytus
collaris collaris Say from Anderson County,
Kansas, and Stephens County, Texas, were dis-

W. Tanner

REVIEW OF LITERATURE
The genus Crotaphytus was first proposed
by John H. Holbrook (1842:79-83), although
the type species was collected and described
earlier by Thomas Say (James, 1823:252) as

Agama collaris. In April of 1852 Spencer F.
Baird and Charies Girard (1852a:69)* added
Crotaphytus wislizeni to the genus. A third
species.

Crotaphytus reticulatus, was named by

Baird (1858:253).

The
have

been

status of the species Crotaphytus insulpublished

before

Slansburys

report

(Band and

Girard.
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Slevin (1921:96) and
Crotaphytus dickersonae Schmidt (1922:
638) have been questioned by Burt ( 1928b: 610) and Allen (1933:7), but these species are
retained as full species by Smith and Taylor

Van Denburgh and

aris

that of

(1950:93).

Hobart M. Smith (1946:158-166) separated
the species wislizeni into the genus Gambelia,
having obtained this name from Baiid (1859:
7), who used
reticulatus, as

follows:

"More

closely related

Crotaphytus collaris than to Crotaphytus
(Gambelia) wislizenii" This, however, is not
the original usage of the word, since an identical statement was published a year earlier by
the same author in his original description of
Crotaphytus reticulatus (Baird, 1858:253).
Robert C. Stebbins (1948:219) and Karl P.
Schmidt (1953:3) did not accept the division
of Crotaphytus, as proposed by Smith (1946:
158-166).

genus

of the synonymy of this
and its species is too long and involved
included here, but can be obtained by

complete

list

to be
reference to Boulenger

(1885:203-204), Cope
(1900:245-261), Van Denburgh (1922:104131) and Smith and Taylor (1950:91-94).
Crotaphytus h mentioned in a minority of
anatomical publications and, in them, is given
only superficial treatment. The only one devoted solely to this genus or any of its members is that by Dwight D. Davis (1934). Unfortunately his descriptions are superficial and
in

many

cases incorrect.

appears that Cope (1892:246-247) was
the first to do extensive osteological studies on
the North American genera of lizards. Later
studies are those by Camp (1923), Williston
(1925), (Goodrich (1930), George (1955). Oelrich (1956), and Romer (1956). Two helpful
It

statistical

studies

of

the

osteology of

related

genera are those by Phleger (1940) and Lundelius (1957).

One
ology

is

of the best early studies of lizard mythat of Mivart (1867), while probably

the most extensive comparative work on American lizards was done by Camp (1923). Other
related studies are those by Adams (1919),
Romer (1924), Edgeworth (1935), Olson
(1936), Brock (1938), Evans (1939), George
(1948). Kesteven
(1944), Watson (1954),
Oehich (1956), and Sathe (1959). Other
works available on related forms, which are
pertinent, are mentioned in their respective
sections.

MYOLOGY
The

literature to date reveals no account
of C. u'islizcni and only Davis
(1934) has iniblishcd on that of C. collaris.
have therefore prepared the following description of their anterior musculature as a preof the

We

myology

its

II,

No.

1

use for comparative purposes.

The two forms

are similar except in the

few cases mentioned and explained separately
for each. Notes are also made on certain aspects of the

myology

of C. reticulatus.

The

axial musculature was compared in
C. wislizeni and C. collaris and found to be
similar. However, no description of these muscles has

while describing Crotaphytus

it

to

A

requisite to

Vol.

been included.

THROAT MUSCULATURE
Intermandibularis (posterior and anterior profundus; Plates 1, 7, and 8) is one continuous
sheet of thin muscle with various points of
origin, which lies superficial to the majority
of the throat musculature and just deep to the
skin. Posteriorly it is of a single muscle fiber
in thickness, becoming increasingly thicker anteriorly.

Although not separable, it is convenient to
consider this muscle as being of two parts: 1)
intennandibularis posterior and 2) intermandibularis anterior profundus.
The intermandibularis has been found to be separable into
these two parts in Ctenosaura by Oelrich
(1956).
The intermandibularis anterior profundus
portion of this muscle lies just anterior to the
intermandibularis posterior part, and is separable from it, only by having a more dorsal
origin. The two become continuous mesially.
This anterior profundus part arises from the
mesial surfaces of the splenial and coronoid
bones and by a tendon along the crista dentalis.
Its anterior fibers traverse the throat anteromesially to insert on the ventral mid-line raphe
with its partner, deep to the intermandibularis
anterior
superficialis.
Its
posterior
fibers
emerge to the ventral surface by means of
three or four interdigitations with the first
mandibulohyoideus muscle and then pass transversely to insert on the mid-line raphe.
The intermandibularis posterior part of this
muscle may be delimitated anteriorly by the
most posterior interdigitation of the anterior
profundus section with which it becomes
continuous mesially. Posteriorly, this muscle
is separated from the constrictor colli by a narrow area of aponeurosis lacking muscle fibers
It arises from the lateral surface of approximately the posterior one-half of the mandible.

The margin

of its origin begins at the retroarticular process of the articular and passes anteroventrally across the supra-angular and an?ular and then anteriorly on the ventral surace of the dentary.
few of its fibers pass
dorsally just posterior to the pterygomandibularis and mesial to the depressor mandibularis,
to take origin from the deep fascia of the latter.
Its fibers pass transversely and slightly anteriorly to insert on the ventral mid-line raphe
which widens into an aponeurotic sheet pos-

A
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shown

adult specimens of Crotaphytus wislizeni and are
larged to approximately four tmies the actual lizard size

The drawings were made from

en-
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teriorly, leaving a broad

gap between the

inser-

A

postions of the partners from opposite sides.
terolateral part of this muscle is overlain by the
insertion of the posterior bundle of the de-

pressor mandibularis in Crotaphytus wishzeni.

The posterior division of the intermandibularis posterior which was reported for Ctenosaura pectinata by Oelrich (1956:48-49) was
not observed in these species.
Intermandibularis anterior supcrficialis (Plate
is a short, band-like muscle connecting the
1 )
in the area between the origins of the genioglossus and the first mandibulohyoideus. It lies superficial to the intermandibularis anterior profundus, the second mandibulohyoideus, and the genioglossus muscles.
It is deep only to the skin.
Arising from the oral membrane, the anterior fibers of the intermandibularis anterior
profundus, and the ligament along the crista
dentalis. its fibers pass posteromesially to insert
with those of its fellow on the ventral mid-line
raphe.
Posteriorly its fibers blend into those of the
intermandibularis anterior profundus.

mandibular rami

Mandibulohyoideus

I (Plate 1) is a long, slightly triangular inuscle, extending two-thirds of
the length of the mandible. It lies lateral to the

second

mandibulohyoideus muscle, mesial

to

the mandibular rami, and anterior to the insertion of the sternohyoideus. It runs deep to
the intermandibularis inuscle and superficial
to the genioglossus, hyoglossus, third mandibulohyoideus, and the pterygomandibularis muscles. Anteriorly its fibers interdigitate three or
four times with those of the intermandibularis
anterior profundus.
The first mandibulohyoideus originates
along the ventromesial surface of the dentary
and a small part of the angular, from the posterior border of the intermandibularis anterior
superficialis, posteriorly to the mass of the
pterygomandibularis. It passes posteromesially
to
the inserinsert
just posterolateral
to
tion of the second mandibulohyoideus, along
the anterolateral border of the distal threefourths of the first ceratobranchial.

Mandibulohyoideus II (Plate 1) is a narrow,
elongate muscle which is pointed at both ends
and lies mesial to the first mandibulohyoideus
and closely alongside its fellow on the ventral
mid-line. It is deep to the intermandibularis

Vol. IL No.

1

anterior border of the proximal end of the first
ceratobranchial, anteromesial to the insertion
of the first mandibulohyoideus.

Mandibulohyoideus III (Plate 2) is a thick
band-like muscle ruiming almost parallel to
the mandibular ramus, across the mass of the
pterygomandibularis and more or less attached
to it by connective tissue. It lies dorsal to the
first mandibulohyoideus and ventral and lateral to the genioglossus and the hyoglossus.
The third mandibulohyoideus arises from
the ventromesial surface of the dentary and the
angular between the anterior and the posterior
mylohyoid foramina, dorsal to the origin of the
first mandibulohyoideus.
It passes posteriorly
to insert narrowly on the lateral surface of the
ceratohyal, distal to its midpoint.
Genioglossus (Plates 1 and 2) is a thick, bandlike muscle occupying, with its partner, all of
the space between the mandibular rami, just
ventral to the tongue and anterior to the basihyal.

and

It

is

located dorsal to the

first,

second,

mandibulohyoideus, and the intermandibularis muscles.
This muscle takes origin along the ventral
and mesial surfaces of the anterior one-sixth
of the mandibular ramus, bordering Meckel's
canal dorsally. Its mesial fibers run directly
posteriorly, while the lateral ones turn dorsally
and somewhat laterally and then pass posterthird

1 lowever, the genioglossus in these specnot clearly divisable into a medialis and
a lateralis as in Ctenosaura pectinata (Oelrich,
1956:55). The fibers of tliis muscle insert on
the lateral surface of the tongue and, by inter-

iorly.
ies is

digitations, into the

body

of the hyoglossus.

Hyoglossus (Plate 2) is a thick, broad muscle
lying lateral to the basihyal and the second
ceratobranchial, and mesial to the mandible,
the third mandibulohyoideus, and the pterygomandibularis. It is dorsal to the first and
second mandibulohyoideus muscles and the anterior portion of the third mandibulohyoideus.
It lies ventral to the ceratohyal and the oral

membrane.
The hyoglossus muscle

originates along the
anterolateral face of the distal two-thirds of the
first ceratobranchial, just dorsal to the insertion of the first mandibulohyoideus muscle.
It passes anteriorly to interweave with the genioglossus near the proximal end of the hypohyal and to form the main body of the tongue.

narrow

muscle, superficial to the tongue, the genioglos-

Branchiohyoideus (Plate 2)

and the hyoglossus.
This second mandibulohyoideus muscle originates by a narrow tendon which is possibly
an anterior etxension of the mid-line raphe,
from the capsule of cartilage overlying the mandibular sym[)hvsis. It takes origin on this tendon at about the level of the inferior alveolar
foramen and runs posteriorly to insert on the

muscle, lying dorsal to the hyoglossus between
the ceratohyal and the first ceratobranchial of
the hyoid bone. Dorsally it contacts the oral
membrane which, in turn, lies ventral to the
massive pterygomandibularis muscle.
The branchiohvoideus arises from the posteromesial sin-face of the posterior two-thirds of
the ceratohyal. including its mesial process.

sus,

is

a thin,
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It

passes posteriorly,

two hyoid limbs,

somewhat

to insert

parallel to the

near the

distal

end

of the first ceratobranchial.

Sternohyoideus (Plates L 2, 7. and 8) is an
extensive muscle sheet occupying the area posterior to the first ceratobranchial bone and anterior to the sternum and clavicle. It lies deep
to the intermandibularis and the constrictor
anteriorly, and to
mastoideus, the trapezius,

episternocleidoand a small part of
the levator scapulae superficialis, posteriorly.
It is superficial to the levator scapulae profundus, the pharyngeal membrane, the trachea, the clavicle, and the clavodeltoideus.

colli,

the

This muscle folds back upon itself lo result in superficial and deep layers. The fold
is along the midventral line, leaving the lateral margins and the main bodies of the two
depths easily separable from one another. The
lateral fibers of the superficial sheet run anteromesially and those of the deep group pass anterolaterally. However, mesially the fibers of
both layers become increasingly anteriorly diare running parallel and bein the area of the fold. Because of the divergent origins and directions
of the fibers, and the increased thickness of
the mesial portion, both sheets appear separable
Nevertheless,
into several different muscles.
the two layers of muscle can be removed intact, laid on a flat surface, and separated to
open the mesial fold; thus demonstrating a
Lateral stretching
continuous muscle sheet.
and teasing do not reveal natural divisions.
This technique and others were used on a series
of ten specimens of both species measuring

rected

until

all

come continuous

to 60 snout to vent (Fitch. 1956:238
reports, hatchlings to measure 41), as well as
older ones. The results were the same in all

from 43

cases.

Davis (1934:19), in the same
siders

the

superficial

layer

as

lizard, con-

divisable

into

which he calls omohyoideus.
He fails to mention the deep layer. Oelrich
(1956:51-52) finds the two layers to appear
three parts, one of

continuous, but because of their different origins and directions, treats them as being separable into omohyoideus and sternohyodeus in
Ctenosaiira pectinata. Kesteven (1944:245-246)
in studying Physignathus finds enough suggested separation in young specimens to treat these
layers as consisting of three parts; and he considers these to represent the similar, though
more distinct, divisions observed in Varanus.

We

have found several heads of origin and
a diversity of fiber direction in both layers. It
therefore seems unwise to make any division.
even on the basis of apparent homology, without a carefid embryological study.
The sternohyoideus
from the suprascapula,

arises

by various heads
sternum, and

clavicle,

Vol

II,

No.

1

One of its many heads originates
with the episternocleidomastoideus from the
tough fascia which extends between the lateral
process of the interclavicle and the sternum.
.-\nother head takes tendinous origin, mesially,
from the mid-point of the nitcrclavicle. Its fibers run anteriorly, oblicpu'ly crossing each
other in many instances, and insert on almost
interclavicle.

the entire posterior surface of the first ceratobranchial and a proximal portion of the second
ceratobranchial.

NECK MUSCULATURE
(Plates 1, 4, and 7) is the
most superficial muscle of the cervical region
and is overlain only by the connective tissue of
the skin and a few scattered fat pads. Dorsally
it lies on parts of the depressor mandibularis
and episternocleidomastoideus and ventrally on
the sternohyoideus. It is of only one muscle

Constrictor Colli

fiber in thickness.

This muscle arises from the superficial dorneck extending almost as

solateral fascia of the

as the posterior margin of the depressor
mandibularis. It passes ventrally, just posterior to the retroarticular process of the articular
bone, to insert on the extensive ventral apon-

far

eurosis which shortly anteriorly serves for the
insertion of the intermandibularis. Its insertion
is widely separated from that of its partner
across the mid-line of the throat.

Episternocleidomastoideus (Plates

1, 2,

5, 7, 8,

9) is a thick, ribbon-like muscle obliquely
crossing the lateral surface of the cervical regioir Anleiodorsally it is deep to the depressor
mandibularis. Otherwise it lies superficial to

and

the sternohyoideus. the tympanic membrane,
the distal ends of the ceratohyal and the ceratobranchial bones, and to the two levator scapulae
muscles. It arises just anterior to the pectoralis
and borders the trapezius posteriorly.

In Crotaphytus wisUzeni this muscle originby a single head, along with a bundle of
the sternohyoideus, from the lateral process of
the interclavicle and a tough fascia which extends from the main body of the sternum to
that process. In Crotaphytus coUaris the episternocleidomastoideus has two heads of about
equal size. The lateral one arises as does the

ates

single head in Crotaphytus wislizcrii. whereas
the mesial one takes tendinous origin, with some
fibers of the sternohyoideus, from the central
colunm of the interclavicle. Several specimens
of Crotaphytus wislizeni have a small mesial
sliver of muscle fibers which takes origin similarly to the mesial head in C. collaris, but
which could hardly be considered as a true
mesial head, due to its size. In both species the
episternocleidomastoideus runs anterodorsally,
deep to the depressor mandibularis and constrictor colli, to insert on the distal half of the
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parietal crest, the lateral surface of the paraoccipital process of the exoccipital bone, and on
the fascia of the dorsolateral angle of the neck.
The origin of this muscle in C. reticulatus
is similar to that described for C. collaris.

Depressor Mandibidaris (plates 4, 7, and 8) is
a massive muscle lying on the lateral surface
of the cervical region and bordering the auditory meatus anteriorly. The constrictor colli
overlies most of its body. Anteriorly it is superficial to some of the posterior fibers of the

adductor

mandibularis

externus

medius and

the posterior border of the tympanus. Posteriorly it passes superficial to the anterior fibers
of the trapezius, and those of the episternocleidomastoideus, the distal ends of the ceratohyal and ceratobranchial bones, and the tym-

panic membrane.
the depressor mandibularis are recognizable in Crotaphytus wislizeni
(anterior, lateral, and posterior) but only the
posterior one is distinctly separable in its body
from the others.

Three bundles

of

The anterior bundle takes origin from the
anterolateral surface of the posterolateral parietal wing and the parietal crest. It passes posteroventrally to become continuous laterally with
the body of the lateral bundle and insert with
it, by a strong tendon on the retroarticular process of the articular bone.
The lateral bundle arises posteriorly from
the fascia along the dorsolateral angle of the
neck, approximately in the region of the first
three cervical vertebrae, and deep to the origin
of the constrictor colli. Anteriorly the bundle
originates from the entire posteromesial surface
of the parietal wing and part of the parietal
crest, which it traverses to pass ventrally and
lie lateral
and unite with, the anterior
to,
bundle. The anterior and posterior fibers of
this entire bundle converge ventrally to insert
wdth those of the anterior bundle, on the retroarticular process.

The posterior bundle (cervicomandibularis)
separable in its entirety from the others, except in extremely old (large) specimens in
which it becomes somewhat attached, near its
origin, to the lateral bundle. Its origin is from
the superficial dorsal fascia of the mid-line of
the neck just posterior to that of the lateral
bundle, and deep to the origin of the constrictor
colli. It passes anteroventrally along the posterior border of the lateral bundle and continues past the insertion of the anterior and lateral
bundles to insert ventrolaterally on the superficial fascia of the intermandibularis and the
is

skin.

Only two bundles

of the depressor mandican be distinguished in Crotaphytus
collaris, and these are not separable from one
another. The anterior group of fibers arises

bularis

Vol.

II,

No.

1

from the parietal and the anterior part

of the
superficial dorsal fascia, while the posterior
group originates, just posterior to it, by the
same fascia. I'he muscle fibers of both bundles
converge ventrally, the posterior ones coming
to lie lateral to the anterior group. All insert
by a common tendon on the retroarticular process of the articular bone.
The character of this muscle in C. reticulatus is the same as that explained for C. wislizeni.

TEMPORAL MUSCULATURE
Pterygomandibularis (Plates 1 and 3) is an
extremely large muscle which covers almost
the entire posterior half of the mandible and
has its main mass between the mandibular
rami, just lateral to the trachea. It is overlain
by the intermandibularis posterior, laterally,
and the oral membrane, ventromesially. It lies
dorsal to the third mandibulohyoideus and the
hyoglossus muscles.
The pterygomandibularis originates, by a
heavy tendon, from the ventral projection of
the ectopterygoid, and part of the transverse
process of the pterygoid. It also originates by
a tendinous sheath from the remaining part of
the transverse process, and the ventrolateral
border of the quadrate process of the pterygoid,
as well as from the ventral border of the basipterygoid process of the basisphenoid in the region of its articulation with the pterygoid.
Its fibers run posteriorly and then posterodorsally, to cover the ventral and lateral surfaces of the angular, the articular, and the
supra-angular bones. Most of the fibers insert
on the dorsal, mesial, and ventral surfaces of
the articular, including its retroarticular and
angular processes.
line of inserting fibers

A

passes posterodorsally across the lateral surfaces
of the angular and the supra-angular, continuing posteriorly along the condyle of the quadrate and the insertion of the depressor mandibularis, leaving only the posterior supra-angular
foramen between it and the adductor mandibularis

externus superficialis.

A

many

of

tendon, serving

its fibers, runs
lengthwise through the muscle mass in a posterior direction, and attaches to the angular

for

the insertion of

process of the articular.

Levator Angularis Oris (Plate 7) is the most
superficial nuiscle of the infratemporal fossa.
It is overlain only by the extensive infratemporal fascia and the skin, and covers more than
half of the lateral surface of the adductor mandibularis extenius superficialis.
This thin muscle arises from the mesial surface of the superficial infratemporal fascia, the
ventrolateral surfaces of the squamosal and the
posterior part of the jugal, and from the anterodorsal angle of the tympanic crest. Its fibers
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run anteroveiitrnlly and inset on (he dorsomesurface of the mundplatt near the posterior

sial

border of the coronoid.

Adductor Mandibularis Exlerniis Superficialis
(Plates 1, 3, 4, 7. and 8) is an extensive muscle
of the infratemporal fossa, which inesially is
scarcely distinguishable from the adductor mandibularis externus medius. It is deep to the
levator angularis oris anterodorsally, and to the
superficial infratemporal fascia posteroventralIt takes origin from the ventral surfaces of
the postorbital, squamosal, and a portion of the
jugal; and from the dorsal and anterior surfaces of the quadrate, as well as the lateral surface of the tympanic crest. Its fibers run anteroventrally, somewhat more ventrally than
those of the levator angularis oris. They insert
along the beveled, dorsolateral surface of the
supra-angular, just dorsal to the posterior supraangular foramen and covering the anterior
supra-angular foramen.
The more anterior
fibers insert on the lateral and posterolateral
surfaces of the coronoid and the lateral surface
of the bodenaponeurosis.

Externus
Medius
a massive muscle
which lies immediately mesial to the adductor
mandibularis externus superficialis and dorsolateral to the adductor mandibularis externus
profundus, from which muscles, it is only faint-

Adductor

(Plate 4,

Mandibularis

7,

8,

and 9)

is

It also lies posterolateral to the
pseuclotemporalis superficialis, except for a few
of its anteromesial fibers which are dorsal to
the same.
The fibers of this muscle take origin from
the mesial surface of the squamosal, the anterolateral surfaces of the supratemporal and the
posterolateral parietal wing, the dorsolaterally
beveled surface of the parietal, and from the
anterior and dorsal surfaces of the quadrate
bone. The fibers run anteroventrally, the
dorsal ones being more anteriorly directed, and
insert along the dorsomesial surface of the
supra-angular, the posterior surface of the coronoid, and the lateral, posterior, and mesial
sides of the bodenaponeurosis.

ly separable.

Adductor Mandibularis Externus Profundus
(Plate 10) is a massive muscle and is not clearly separable from the adductor mandibularis
externus medius dorsolaterally. It is located
ventrolateral to the pseudotemporalis superficialis, dorsal to the prootic, and lateral to the
brain case and the supraoccipital.
This muscle originates from almost the entire posteromesial border of the posterolateral
wing of the parietal, from the paraoccipital process of the exoccipital, and from the dorsolateral
surface of the posterior process of the prootic
bone. From its parietal origin this muscle turns
ventrally and then anteroventrally to enter the

Vol. IL No.
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infratemporal fossa, passing ventral to the supratemporal and the posterolateral parietal
wing and dorsal to the exoccipital and the posterior process of the prootic. Here it joins with
another head from the prootic and then continues anteroventrally to insert by the bodenaponeurosis to the posterior surface of the coronoid,
and separately to the base of the coronoid.
The adductor mandibularis externus group
is treated as three separate nmscles only for
convenience. Perhaps it should be considered
a single mass (Adams, 1919) wdth slips as described above.

Pseudotemporalis Superficialis (Plate 10) is a
divergent, massive muscle which lies ventroniesial to the adductor mandibularis externus
medius, posterior' to the orbit, anterolateral to
the cranial cavity, lateral to the epipterygoid,
and lateral to the pseudotemporalis profundus.
Some of its posterior fibers are sandwiched between the adductor mandibularis externus profundus and the adductor mandibularis externus
medius.

The

pseudotemporalis

superficialis

origi-

from the dorsolaterally beveled lateral
margin of the parietal, part of the anterolateral
nates

surface of the parietal wing, the lateral surfaces of the anterior semicircular canal, and the
alar process of the prootic, and all but the internal surface of the dorsal one-third of the
epipterygoid. The anterior fibers of this muscle
run ventrally while the posterior ones pass anteroventrally. They insert, with the pseudotemporalis profundus, on the mesial surface of
the bodenaponeurosis, the posteromesial border
of the coronoid to its base, and then posteriorly
along the dorsal border of the articular to about
its mid-point.

Pseudotemporalis Profundus (Plate 11) is an
almost pyramid shaped muscle just posteromesial to the pseudotemporalis superficialis.
It is lateral to the epipterygoid bone and to
the levator pterygoideus muscle.
This muscle arises from the anterior, lateral,

and posterior

sides of the ventral two-thirds of
the epipterygoid bone. It runs ventrally and
inserts, in common with the pseudotemporalis
superficialis muscle, on the posteromesial border of the coronoid and along the dorsal surface
of the articular bone to its mid-point.

Adductor Mandibidaris Posterior (Plate 11 ) is
a broad, thin muscle, lying lateral to the tyinpanic cavity and the protractor pterygoideus
muscle, and mesial to the mandible and to
the adductor mandibularis externus muscles.

Some

of

its

fibers arise

from the

lateral

and

mesial surfaces of an aponeurosis which runs
between the mesial crest of the quadrate and
Meckel's cartilage. Other fibers take origin
from the posterior process of the prootic bone.
They all pass anteroventrally and insert on the
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dorsal surface of the articular bone with some
of the fibers of the pseudotemporalis muscles,

and on Meckel's

cartilage.

Levator Pterygoideus (Plates 11 and 12)
triangular shaped muscle which lies just
teromesial to the epipterygoid bone and
pseudotemporalis profundus muscle. It is
terolateral to the protractor pterygoideus
lateral to the prootic

membrane

is

a

pos-

the
an-

and

of the cranial

cavity.

This muscle takes origin by a

flat

tendon

from the ventral surface of the parietal, just
mesial to the epipterygoid, and posteriorly along
the lateral margin of the parietal to its midpoint. Additional fibers arise from the dorsolateral surface of the prootic membrane. Its
fibers fan out posteroventrally and insert, with
a few anterior fibers of the protractor pterygoideus, on the proximal dorsal surface of the quadrate process of the pterygoid, beginning somewhat posterolateral to the fossa cokmiella and
extending anteromesially, to end just mesial
to the epipterygoid.

Protractor Pterygoideus (Plates 11 and 12) is
a broad, fairly short muscle which forms the
anterolateral wall of the tympanic cavity. It
lies posteromesial to the levator pterygoideus
and lateral to the basisphenoid and the anterior
parts of the prootic.

This muscle arises from the lateral surface
of the anterior inferior process of the prootic,
the posteroventral end of the pila antotica, and
from the posterior and lateral surfaces oi a ten-

don which runs from the anterior

inferior pro-

cess of the prootic to the region of the condyle
on the anterior tip of the basipterygoid process
of the basisphenoid. The fibers of the protractor

pterygoideus fan out. running posteroventrally,
insert on the dorsal and mesial surfaces
of the quadrate process of the pterygoid. This
insertion runs from just posteromesial to the
fossa columella, posteriorly, almost to the mesial
crest of the quadrate. Some of its anterior fibers insert with those of the levator pterygoideus,
but the majority remain posteromesial to this
muscle.

and

PECTORAL GIRDLE AND BRACHIAL MUSCULATURE
the brachial muscles
stretched out laterally
and the palm of the hand down for the dorsal
view, and up for the ventral view.
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area with the exception of the depressor mandibularis and the constrictor colli.
It arises from the dorsolateral fascia of the
neck from the axis jjosteriorly to aljout the seventh thoracic vertebra* and then posteriorly to
he seventh, by the tlorsal ajjoneurosis of the
midline of the neck. The anterioi- fibers of this
muscle pass posteroventrally along the border
of the epistemocleidomastoideus, and the posterior ones, anteroventrally, somewhat dorsal
I

to the scapula.

Thus, they converge

to insert

crest of the anterior margin of the suprascapula. and on the superficial fascia along the
clavicle and the anterior margin of the pector-

on the

alis to

the origin of the epistemocleidomastoid-

eus.

This muscle varies greatly in thickness
throughout its extent. Posteriorly it is considerably developed, this being the major part to

on the suprascupula. However, anteriorcomes to be only one muscle fiber in thickness. In many specimens an anterior slip was
observed to be separate from the main sheet,
in its body, and to become more or less associated with the epistemocleidomastoideus.
insert

ly

it

Latissimus dorsi (Plates

4, 5, 7, 8, 9,

and 10)

sheet-like muscle which covers an extenportion of the lateral body surface. Its
anterodorsal fibers are overlain by the trapezius

a
sive
is

muscle while the remaining ones are deep only
the skin. It is superficial to part of the
scapulodeltoideus and serratus muscles, and
the suprascapula.
This muscle arises from the superficial fascia of the back and the deep fascia of the dorsal
mid-line, between the first and the tenth thoracic vertebrae. Its anterior fibers I'un posteroventrally and its posterior ones, anteroventrally.
They all coverge and pass between the tendons
of origin of the anconaeus coracoideus and anconaeus scapularis muscles, to insert tendinously on the processus latissimus dorsi of the shaft
to

of the

humerus.

LciHitor Scapulae Supcrficialis (Plates 4, 5. 8,
10, and 11) is a broad, fan-shaped muscle
which lies mostly anterior, but partly superIt is dorsal to the
ficial, to the suprascaupla.
levator scapulae profundus, and superficial to
the axial musculature and the posterodorsal

9,

fibers of origin of the sternohyoideus.
It lies deep to the constrictor colli, the trap-

The descriptions of
were made with the arm

ezius, the epistemocleidomastoideus, the depres-

4, 7, 8, and 9) is an extensuperficial muscle located on the dorsolateral surfaces of the cervical and thoracic
regions. It is the most superficial muscle of the

sor mandibularis, the tympanic membrane, and
the distal ends of the ceratohyal and the first
ceiatobranchial.
The levator scauplae superficialis originates,
by means of a tendon, common to it and the
levator scapulae profundus, from the diapo-

Trapezius (Plates

sive,

(

(insider six n'l vn

vfrtebrdf

.ifliT

Camp

(1923 359)
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physis of the atlas. It runs posterodorsally and
on the anterior half of the lateral surface of the suprascapula.

inserts

Vol.
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two cervical and the first two thoiacic ribs,
and from the intervening intercostales externi
All the slips pass anterodorsally.
anterior ones insert on the anterior
half of the inner surface of the suprascapula,
just ventral to the insertions of the dorsal group.
The two wider, posterior slips, from the first
and second thoracic ribs, insert on the suprascapula, ventrolatei-al to the insertion of the
slip from the last cei-vical rib; and along the
posteroventral edge of the suprascapula. respecof the area.

The two
Levator Scapulae Profundus (Plates 3, 5, 8, 9,
10, and 1 1 ) is the vential partner of the levator
scapulae superficialis, and lies in approximately the same position with relation to the surrounding muscles, except that its posterior fibers of insertion run deep to those of the stemohyoideus muscle.
It takes origin, by a common tendon with
the levator scapulae superficialis, from the diapophysis of the atlas. Its fibers pass posterodorsally and insert along the anterior margin
of the suprascapula just ventral to the insertion
of the levator scapulae superficialis, and on the
anterior surface of the acromial end of the
clavicle.

Scapulodeltoideus (Plates 2. 4, 5, 7, and 8j is a
heavy, somewhat triangular muscle, lying superficial to the scapula and suprascapula. posterior to the insertions of the levator scapulae
muscles, and to the origin of the stemohyoideus. It is overlain dorsally by parts of the trapezius and the latissimus dorsi, and ventrally by
the skin and the clavodeltoideus.
This muscle arises from the posterior onehalf of the lateral surface of the suprascapula
and the acromial end of the clavicle. Its fibers
converge ventrally, passing mesial to the clavodeltoideus and lateral to the ligament of the
anconaeus scapularis, to insert on the proximal
end of the humerus.
Serratus (Plates 5, 6, 9, 10, 11, and 12) as
here described may include the levator anguli
scapulae and the rhoinboideus (Mivart, 1867;
776-777).
have chosen to treat this complex
as divisable into dorsal and ventral portions.
The dorsal part consists of three ribbon-like
slips of muscle which partially overlap one another in such a way that they appear serratuslike from the dorsal view, when the suprascapula is pried away from the lizard's body. This
muscle is deep to the suprascapula, and, although it is partially continuous with the ventral part, it lies mesial and somewhat dorsal
to the ventral group of slips.
The dorsal part arises by fasciculae, from
the lateral surfaces of the three cervical ribs.

We

These

pass slightly dorsolaterally, parallel to, and slightly overlapping one another,
and insert, separately, along the mesial surface of the suprascapula near its dorsal borslips

der.

The ventral part has two anterior slips
which are continuous with those of the dorsal
part near their origins, but have their main
masses lateral and ventral to them. This part
also has two posterior slips which have no
counterparts in the dorsal group.
The ventral part originates, by separate
fasciculae, from the distal regions of the last

tively.

Pectoralis (Plates 1, 2, and 7) is an extensive,
superficial muscle of the breast. It overlies the
sterniun, sternal ribs, and the coracoid, with
their attached muscles. It is posterior to the
clavicle and the clavodeltoideus, and anterior
to the rectus abdominis externus. The origins
of the paired pectoralis muscles separate along
the ventral inid-line to allow for the tendinous
origin of the sternohyoideus muscle from the
interclavicle.
The pectoralis

muscle arises from the inner
angle of the clavicle, the interclavicle, the sternum, and the ventral mid-line fascia, continuing along the xiphoid rod to the sixth sternal
rib. It follows this rib. arching postcrolaterally
and then anterolaterally along hyaline and finally myocomatal extensions boi-dering the rectus abdominis externus, and traverses ventral to the fourth and third and terminates near
the second sternal rib. All the fibers of the
pectoralis converge to insert on the dellopectoral crest of the humerus.
(Plates 2, 7, 8, and 9) is a
the anteroventral shoulder
region. It is located anterior to the supracoracoideus and the pectoralis, proximal to the
brachialis inferior, ventral and lateral to the
scapulodeltoideus, deep to the epistemocleidomastoideus, and the sternohyoideus, and superficial to the scapulohumcralis anterior. The
clavodeltoideus originates from the margins and
the ventral surface of the proximal half of the
clavicle.
Its fibei's run anterolaterally across
the ventral surface of the clavicle, and then
turn dorsolaterally and posterolaterally, to pass
mesial to the clavicle. This muscle inseits on
the proximal end of the humerus.

Clavodeltoideus

heavy muscle

of

Supracoracoideus (Plates 2, 3, and 7)
chest muscle of triangular shape. It
to the pectoralis nuiscle and the
ventral to the coracoid and the
of the biceps, posterior to the
the clavodeltoideus. and anterior
cobrachialis brevis.

The

supracoracoideus

is

a

lies

deep
deep

interclavicle,

large tendon
clavical and
to the cora-

muscle

originates

from the ventral surface

of the anteromesial
region of the coracoid. Its fibers pass posterolaterally, converging to insert on the deltopectoral crest of the humerus.

Scapulohumcralis .Interior

is

a small, thin nuis-

A COMPARATIVE STUDY OF THE GENUS CROTAPHYTUS

i962

—

lev.

angularls oris

add. mandlbularls ext.

sup.

add. mandlbularls ext. medluE

Infratemporal fascia

intermandlbularls posterior
.depressor mandlbularls

constrictor colli

cervloomandibularls
sternohyoideus

eplsternocleldomastoldeus
trapezius

Bcapulodeltoldeus
clavodeltoldeus

supracoracoldeus

Dectoralls

latlsslmus dorsl

Plate

7.

— Lateral view

of

head and thorax, superficial layer.

15

16

BRIGHAM YOUNG UNIVERSITY SCIENCE BULLETIN

cle located near the base of the scapula. It is
anterior to the supracoracoideus, and deep to
the clavodeltoideus and the inserting fibers of
the scapulodeltoideus.
This muscle takes origin from the spinous
process of the scapula, the anterolateral tip of
the epicoracoid, the intervening membrane of
the coraco-scapular fenestra, and the lateral
surface of the scapula in the axillary region.
The muscle runs posteriorly, lateral to the axIt then passes
illary region of the scapula.
ventral to the tendon of origin of the anconaeus scapularis and over the margin of the
glenoid fossa to insert on the distal surface of
the humeral crest of the hmiierus, just dorsal
to the insertion of the latissimus dorsi, and
between the tendons of the anconaeus scapularis and the anconaeus coracoideus.

Coracobrachialis Brevis (Plate 3) is a short,
stout muscle of the chest. It is located dorsal
and posterior to the tendon of the biceps, and
anterior to the sternal attachment of the first
thoracic rib.

This muscle takes origin from the ventral
surface of the posterolateral region of the coracoid.
Its fibers run slightly posterolaterally
and insert, shortly, on the head of the humerus
in the concave region between the delto-pectoral and humeral crests, and on the proximal
half of the posterior surface of the humerus.
Coracobrachialis Longus (Plates 2 and 4) forms
the posterior surface of the upper arm. It is
posterodorsal to the biceps and posteroventral
to the anconaeus humeralis medialis.
This muscle originates from the ventral surface of the extreme posterolateral tip of the coracoid. It runs along the entire length of the
humerus and inserts on the proximal surface
of its ulnar process.

and 8)

a large ventral
muscle of the upper ami. It is located posterior to the brachialis inferior, and anterior to

Biceps (Plates

2, 4,

is

the coracobrachialis brevis and the coracobrachialis longus muscles.
Its fibers arise near the proximal head of
the humerus from a long, broad tendon which
passes between the coracobrachialis brevis and
supracoracoideus, to originate just dorsal to the
latter, from the ventral surface of the mesial
border of the coracoid. The biceps muscle
passes along the ventral surface of the humerus and shortly becomes united, to some degree, with the brachialis inferior. This united
body of the two muscles passes between the
radial and ulnar processes of the humerus and
then bifurcates to insert on the ventral (flexor) surfaces of the proximal heads of the
radius and the ulna.
This muscle is single in these species.
do not consider the biachialis inferior to be
its humeral head, after Mivart (1867:782-785).

We
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Brachialis Inferior (Plates 2 and 8) is a large
brachial muscle, located just anterior to the
biceps and ventral to the anconaeus humeralis
lateralis and the anconaeus scapulai'is.
This nuiscle arises just distal to the insertions of the clavodetoideus and supracoracoideus muscles, from the delto-pectoral crest of
the humerus, and also from the entire ventral
surface of its shaft. The brachialis inferior
runs along the anteroventral surface of the
arm, becoming somewhat united with the biceps muscle distally. However, the majority,
if not all, of its fibers insert on the radius,
while most of those of the biceps insert on
the ulna.

Anconaeus Humeralis Lateralis (Plates 2 and
8) lies dorsal to the brachialis inferior and anterior to the anconaeus scapularis. on the anterior surface of the upper arm.
The origin of this muscle is from the proximal head and the entire anterodorsal surface
of the shaft of the humerus. Its body passes
along the humerus and unites with the anconaeus scapularis. It inserts with all the other
anconaeus muscles, on the olecranon process
of the ulna and the above sesamoid.
Anconaeus Scapularis (Plates 2, 4, and 8) is
a large member of the anconaeus group, which
lies posterior to the anconaeus humeralis lateralis and anterodorsal to the anconaeus coracoideus.
Its origin is by a strong tendon which passes
between the latissimus dorsi and the scapulodeltoideus, and attaches to the posterior surface of the scapula. The muscle body passes
dorsal to the glenoid fossa and the head and
shaft of the humerus, to unit with the anconaeus hmneralis lateralis and insert on the olecranon pi-ocess of the ulna and the superficial
sesamoid.

Anconaeus Coracoideus (Plate 4) is a small,
dorsal muscle of the upper arm. It lies posteroventral to the anconaeus scapularis and
anterodorsal to the anconaeus humeralis medialis.

It originates by means of
don which passes posterior

a long, fine tento

the

fibers of the lattissimvis dorsi, to arise

inserting
from the

broad sterno-scapular ligament. The anconaeus
coracoideus unites, shortly lateral to the latissimus dorsi, with the anconaeus scapularis and
inserts with it on the olecranon process of the
ulna and the adjacent sesamoid.

Anconaeus Humeralis Medialis (Plate 4)
mostly deep

lies

anconaeus coracoideus. posthe anconaeus scapularis, and

to the

teroventral to
anterodorsal to the coracobrachialis longus.
This muscle arises from the humeral crest
and the posterodorsal surface of the shaft of
the humerus. It unites with the other anconaeus muscles to insert with them, on the ole-
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cranon process of the ulna, and on the patella
like sesamoid of the elbow.
Subscapularis / is a broad muscle which overlies the inner surface of the coracoid, ventrally, and borders the peritoneum dorsall}-.
It is ventromesial to the second subscapularis
and its dorsal surface is traversed near the middle by the ligament which serves for the insertion of the costocoracoid muscle.
The first subscapularis arises from the endorsal surfaces of the coracoid and the
epicoracoid, including the membranes of all
the fenestrae and of the spinous process of the
scapula.
Its fibers converge posteriorly and
insert by a tendon, with the second subscapularis, on the humeral crest of the humerus.

its

inner surface

is

Vol.

II,

No.

1

traversed by the ligament

of insertion of the costocoracoid.
This muscle arises from the entire anterolateral border of the sternum, just internal to
its groove of articulation with the coracoid.
It

passes anteriorly and inserts by a flat tendon,
on the epicoracoid, just posteromesial to the
inserting tendon of the internal sternocoracoid.

LATERAL TRUNK MUSCULATURE

tire

Subscapularis II

(Plates 6, 10, and 11) lies
just dorsolateral to the first subscapularis, on
the inner surfaces of the scapula and the suprascapula. It is lateral to some of the anterior
fibers of the serratus, which come from the
first sternal rib, and mesial to the scapulodeltoideus.

The second

originates from
the scapula and suprascapula and passes posteroventrally to insert with the first subscapularis, by a tendon, on the humeral crest of the

subscapularis

Sacrolumbalis (Plates 5, 9, 10 and 1 1 is an extensive muscle which parallels the longissimus
dorsi over the full length of the dorsolateral
)

surface of the body. It is dorsal to the serratus
and superficial to the intercostal muscles.

The

sacrolumbalis originates from the posend of the crest of the ilium. It passes
anteriorly and inserts by tendinous bands, onto
the ribs. The bands become more easily discernible anteriorly. Part of this muscle becomes
continuous with the longissimus capitis, and
inserts with it. by a tendon, on the sphenoterior

occipital tubercle of the basioccipital.

coracoid.
It arises along the dorsal surface of the
posterolateral border of the sternum and from
the sternal heads of the thoracic ribs. This
muscle runs anterolaterally and inserts by a
broad tendon on the inner surface of the mesial
process of the coracoid and on part of the epicoracoid. This insertion is just anterolateral to
that of the external sternocoracoid.

Abdominis Externus Superficialis
(Plates 3, 5, and 11) is a thin, extensive sheet
of muscle which covers most of the lateral surface of the body and is deep, only to tlie trapezius and the latissimus dorsi muscles. This
muscle, with quite some difficulty, is separable into three parts. These will be discussed
separately.
The first part is superficial to the second
and anterior to the third part of this muscle.
It is lateral and dorsal to the rectus abdominis
externus. lateral and ventral to the sacrokmibalis, posterior to the scapula, and deep to the
latissimus dorsi.
The majority of this part takes origin by
separate
heads,
from aponeurotic tendons
which interdigitate with the sacrolumbalis and
attach to the lateral and posterior surfaces of
the second through the eighth thoracic ribs
near their dorsal articulations.
Anteriorly,
some of its fibers arise from the distal ends of
the first and second thoracic ribs and from the
entire posterior surface of the latter. All of its
fibers run posteroventrally. The more anterior,
thick, fibers from the first and second thoracic
ribs insert on the xiphoid rod and the sternal
part of the incomplete eighth thoracic rib, just
deep to the origin of the pectoralis; and on part
of the seventh thoracic rib. Tlie remaining
fibers insert along the lateral border of the
rectus abdominis externus, posteriorly, to the
thirteenth thoracic vertebra.

External Sternocoracoid

is an extremely broad
and short muscle which links the inner articulating borders of the sternum and the coracoid.

The second part lies deep to the first part,
anterior to the third part, and superficial to
the intercostales and the obliquus abdominis

It is ventral to the internal sternocoracoid,
posteromesial to the first subcapularis. and
anteromesial to the costocoracoid. Posteriorly

intemus.
This part arises just mesial, and somewhat

humerus.
Costocoracoid (Plates 11 and 12) is a broad,
thin muscle, lying mesial to the first and second sternal ribs, some of the serratus muscles,
and the scapula; and dorsomesial to the posterior portions of the first and second subscapvularis muscles.
The costocoracoid arises from the anterior
margin of the sternal region of the third thoracic rib. It runs anteriorly and inserts, just
dorsal to the mid-region of the first subscapularis, on a ligament which extends between
the inner surface of the sternum at the point
of its articulation with the first sternal rib and
the anterior border of the scapula, just dorsal
to the spinous process.
Internal Sternocoracoid is a broad, thin muscle
which lies on the inner surface of the sternum
and is dorsal, in part, to the external sterno-

Obliquus

ventral to the origin of the

first

part,

and

in
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this region is not clearly separable from it. The
second part originates with separate heads, by
flat tendons which are attached to the lateral
and posterior surfaces of the second through
the eighth thoracic I'ibs. at the level of the lateral border of the sacroliunbalis. Some of the
tendons (jf origin interdigitate with the sacrolumbalis. The fibers of this pait run postero-

ventrally and insert, by means of a thin fascia.
on the dorsal border of the rectus abdominis,
in a jagged line which lies closer to the ventral
midline than the insertion of the first part.
The region of this insertion extends from near
the posterior extent of the eighth stei'nal rib,
posteriorly, to approximately the area of the
thirteenth thoracic rib.
The third part is posterior to the first. However, a few of its anterior fibers run mesial to
those of the first part. The third part lies
superficial to the obliquus abdominis internus
and to the intercostales extemi.

This part arises by flat tendons which interdigitate with the sacroliunbalis and attach
to the lateral and posterior surfaces of the
eighth through the thirteenth thoracic ribs. It
takes further origin from the dorsolateral fascia of the back. Its fibers run posteroventrally
and insert, by a short tendon, on the tubercle
of the pubis, just superficial
the intercostales externi.

to

the origin of

Obliquus Abdominis Externus Profundus lies
immediately deep to the more anterior fibers
of the first part of the obliquus abdominis externus superficialis, and superficial to the inand the sternal parts of the
thoracic ribs.
This muscle takes origin from the distal
ends of the first and second thoracic ribs and
the intervening fascia. It runs posteroventrally
and towards the ventral mid-line, to insert by
separate slips, on the fourth through the sixth
thoracic ribs. The jiosterior portion of each of
these inserting fasciculae is overlain (serratuslike) by part of the next one posteriorly.
tercostales interni

Intercostales Externi (Plates 6 and 12) lie between the three cervical ribs and ten of the
thoracic ribs. They are deep to the second and
third parts of the obliciuus abdominis externus.
the sacrolumbalis. the serratus complex, and
the levator scajiulae muscles; and are superficial to the intercostales interni and the obliquus abdominis internus.
Although discontiiuious. due to the intervening ribs, this group may be considered as
one muscle which originates by a tendon, from
the tubercle of the pubis. Its fibers run anterodorsalh- and insert, separately, on the pos
terior surfaces of the teiUh. ninth, and eighth
thoracic ribs; and then continue anterodorsallv.
filling the sp<i(es between all the remaiiiitig
ribs
The fillers are attached to the enliic
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length of the cervical ribs but extend, on the
thoracic ribs, only from their dorsal heads to
the articulations with their sternal components.

Intercostales Interni (Plate 12) lie immediately deep to the intercostales extemi, in the
spaces between the entire length of the thoracPosteriorly they terminate, after atic ribs.
tachment to the tenth thoracic rib, by passing
dorsally, and uniting with the fascia of the
They are deep to the
mid-line of the back.
second part of the obliquus abdominis externus and superficial to the obliquus abdominis
internus.

Obliquus Abdominis Internus is a very thin,
sheet-like nmscle which lies deep to the ribs,
the intercostales interni. the rectus abdominis
externus. the costocoracoid, the sternum, and
the scapula; and is superficial to the transvei'salis.

This muscle takes origin by means of a
tendinous aponeurosis, from the inner surface
of all

the ribs posterior to the

first

thoracic;

and from the lumbar fascia. Its fibers run anteroventrally and insert, with separate slips,
by aponeurotic tendons, on the inner surfaces
of the sternum and the ventral heads of the

The insertion continues posteralong the dorsal surface of the rectus
abdominis, just mesial to the insertion of the
second obliquus abdominis externus. A few
of its anterior fibers insert on the ligament of
the costocoracoid. and continue as far anterior
Posteriorly,
as the second thoracic vertebra.
this muscle terminates in the region of the
femur by attachment to a fine ligament which
passes dorsall}', over the femoral muscles, and
thoracic ribs.
iorly,

oecomes

lost in the

lumbar

fascia.

Transversalis contacts the peritoneal membrane, internally, and the obliquus abdominis
internus. externally.
The transversalis arises by means of a fascia which extends from the pelvis to the neck
region. The muscle fibers originate along the
portion of this fascia which lies between the
second thoracic vertebra and the femur. They
ran almost vertically, but somewhat posteroventrally, and insert on the inner surfaces of
the thoracic ribs, the lateral border of the sternum, and the dorsal surface of the rectus abdominis externus.

STATISTICAL ANALYSIS OF OSTEOLOGICAL AND O IHER MORPHOLOGICAL
CHARACTERISTICS
Osseous elements, unlike muscles, lend
themselves very w'ell to accinate measurements. Therefore, an analysis of their size relationships has been included here, rather than
a

description of their structure and articidaThe detailed description of the cranial

tions.
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osteology of a closely related genus, Ctenosaura,
by Oelrich (1956) is a very useful reference.
Important structural differences in the bones
of the two species, here studied, are mentioned
in the discussion.
Other morphological features which have
been thought to be of taxonomic importance are
included in this analysis.

Richmond (1957) and Walker (1953) have
been followed with respect to the formulas and
symbols used for the Mest. We recognize
that a certain amount of error can be expected,
due to relative growth changes, when a /-test
is used with a system of ratios
(Lundelius,
1957:65).
However, since the samples are
reasonably large and include fair growth series,
it is felt that this error is negligible. The sample sizes range from 12 to 47 and are equal
to, or exceed 20 in most cases. Phleger (1940)
discusses the use of a relative growth formula
for such studies.
A difference in sample means is considered
significant if it is too gi-eat to have happened
by chance alone; therefore indicating an actual
difference in the parent populations.
With
the exception of the egg complement and the
length of the premaxilla, there are no borderline cases; thus the differences determined at
the

1,

which summarizes the

results

may

be ob-

the analysis. Further details
tained fromRobison (1960:38-54).

of

1

Snout

8.

Parietal width measured across its
narrowest part, between the dorsolateral crests which border the supratemporal fossae.

9.

Length

2.

10.

Width

ectopterygoid,
projecting
tip of its lateral process to the same tip
of the other ectopterygoid.
of

skull

at

measured from the

4.

5.

the

of premaxilla, measured from
anterior to its posterior tips as seen
froin a dorsal view.

Length of fronto-parielal suture, measured between the lateral tips of the
frontal and parietal bones at their
junction.

1 1

12.

Length of the nasal bone, measured
from the fenestra exonarina to its posterior tip.
Width of the orbit, measured across its
widest part, from the frontal to the
area of the transverse process of the

ectopterygoid bone.
1 3.

Length of the orbit, measured from its
anterior extension between the prefrontal and the lacrimal to the notch
just lateral to the dorsal process of the
postorbital.

14.

Greatest length of the fenestra exonarina.

15.

Number of teeth or tooth sockets in the
entire premaxilla.

16.

Number

7.

Number

1

of teeth or tooth sockets
the maxilla of both sides averaged.

in

of dentary teeth or indicated
tooth spaces of both sides averaged.

Body width, measured

at

its

widest

the specimen
firmly against a flat surface.

point

while

pressing

19.

Distance from snout

20.

Distance between the mesial margins

21.

External width of the temporal region,
taken at its widest point.

22.

Length of the rostral scale, measured
from its left side to its right side.

23.

Length of the labial adjacent to the
rostral, measured from its anterior to

to vent.

of the external nares.

suture.
3.

to orbit, measured from the former to the posloiolaleial suiface of the
prefrontal.

its

18.

Total skull length taken from the tip
of the snout (premaxilla) to the posterior end of the paraoccipital process of
the exoccipital bone.
Maximum skull height taken from the
ventral surface of the mandible, in
the anterior region of the angular, to
the most elevated point of the frontal
bone, just anterior to the frontoparietal

1

7.

which the computed t has been compared is
2.0 in most cases. Those cases in which the /

form in table

No.

Snout to parietal, measured from the
anterior tip of the premaxilla to the
posterodoisal margin of the parietal
proper.

level are also significant at the .01
of significance.
The actual value with

value is greater than 4.0, the probability of
obtaining such different sample means by
chance alone, if the population means are actually equal, is less than .00006.
The measurements and counts are listed
in detail below, and are repeated in abbreviated

II,

6.

.05

level

Vol.

lateral

posterior margins.
24.

sured from the anterodorsal corner of
the tympanic crest to the same point
on the opposite side.

Length of the mental scale, measured
from its left side to its right side.

25.

Snout to quadrate, measured from the
anterior tip of the premaxilla to the
posterior surface of the tympanic crest.

Length of the labial adjacent to the
mental, measured froTn its anteromesial to its posterolateral margins.

26.

Number-

Width

of skull at the quadrate,

mea-

of scales bordering the mental
between the infralabials.

posteriorly,
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27.

Sternum width, measured across its
widest point in the region of the articulation of the third thoracic rib (first
to articulate with the 'Sternum an

one

I'HE

distance betwee n external nares
total skull

29.

rostral length

30.

not

sig,

33

not

sig,

.27

not

sig,

1

mental length
length of adjacent labial

anterior point of the interclavicle to
the region between the two xiphoid

no. of scales post, to
skull

width

at

mental

ectopterygoid

4.81
1,41

total skull length

Width
near

1.35

length

Sternum length, measured from the

rods.

25

length of adjacent labial

teriorly).

28.

GENUS CROTAPIIYTVS

the interclavicle, measured
mid-point.

of

its

Width

of the clavicle,

measured

at

its

widest point.
of the origin of the depressor
mandibularis, measured from its beginning near the mid-point of the parietal
wing, to its posterior extremity.

31.

Length

32.

Total

length of the hyoid, measured

from the anterior

tip of the

hypohyal

ends of the second ceratobranchials. Tlae terminology of Camp
(1923) has been used with respect to
to the distal

the hyoid.
33.

Length of the second ceratobranchiais
of the hyoid, measured from the posterior extremity of the basihyal to their
distal ends.

34.

Length

of the anterolateral projection
(basal portion of cera-

of tlie basihyal

tohyal), measured from the junction
of the hypohyal with the basihyal to
the proximal end of the ceratohyal.

Width

35.

of the ceratohyal in the region
including the process which serves for
part of the origin of the branchiohyoideus muscle.

36.

The egg comits listed as observed by
us were made from eggs measuring
over four milimeters in average diameter per group, which were found in
preserved specimens.

TABLE

I

SUMMARIZATION OF THE
STATISTICAL ANALYSIS
Ratio or Count Determined

Computed

Depressor mand. length at origin
total skull length

body width

t

total

Significance

5.07

sig

4.58

sig.

•

hyoid length

egg complement

2.37

sig,*

nut sig.
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TABLE

Vol.

11,

2

Crotaphylus wislizeni

Eggs

Size

2

Author or Locality
Richardson
Richardson
Richardson

4
2

Specimen
1915:408
1915:408
1915:408
1952:72

5

13.6x22.2

Shaw

6

over 18
"large"
16-20 long

Camp

4-5
9-9.8
3.8-4.2
4.0

38 mi. E. Kanab, Kane, Utah
5 mi, SW. Oak Citv; Millard, Utah
Desert Exp. Sta.; Millard, Utah
Battle Mt.; Lander. Nevada

10-11x14-15
9.5-10x11.5-12

St.

1

6
6
5
7

5
7

9

Johnson

1948:260
1916:522
1919:89

Bently

Boulder Dam; Clark, Nevada
George; Washington, Lftah

4

12x17-19

6

7

8
6

6

5
11-12
10-12x14-17.5

4

5

Star Spring; Garfield, Utah
10 mi. S. Cisco; Grand, Utah
Elberta; Utah, Utah

6

6-6.5x7.5-8
6-8x9-11

Temple Junction; Emery, Utah
Temple Junction; Emery, LItah

3

Dugway; Tooele, LUah
6 mi. N. Goshen; Utah, Utah

Owyhee County, Idaho

108

Crotaphytus
8
7

9
16
10
21

18.3-21x12-111
11.1x16

8
6

6
8

16.96x19.08

2
7

11,4-11.7x18.4-20,3

12
7
7

6
5
5
5

5
3
6

6
10

8
8
10

4
5
7

6
5

4

10-12x14-15
9-10x10-12

4

8-9
5-6

3

6.5

4

10-11x12-13

4

13-13.5x23-26

6

4

5

9-10

8

4.5

4

4

3

7

11

5
6
5
5

10x14
8-9
7-9
3-4.5

5

collaris

No.

1
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than 3.6 in diameter,

The

respectively.

re-

maining lizards contained eggs measuring 4
or more in diameter, and these cases have
Table 2. Small I'ggs
found along witii these large ones,
number averaged approximately 15 in

been

listed indiviclually in

were

also

i'heir

both species.
The reports of other observers have been
included; in which cases, the egg counts aie
indicated by the authors' names and references.
Otherwise, the locality of collection and the
Brigham Young University museum number,
where possessing one, identify them.
Three subspecies of C. collaris are included,
though C. collaris bailcyi is represented by a
majority of the specimens. Egg sizes are given
where available. One specunen (B.Y.U. 445)
laid 3 eggs prior to their being measured.

DISCUSSION

AND OBSERVATIONS

MYOLOGICAL COMPARISONS

able.

—The

muscle suggests that C.

Depressor Mandibularis.

—

It

C. reticulatus shows a closer relationship to C. wislizeni, with respect to this nms-

relation.
cle.

than

to C. collaris.

OSTEOLCJGICAL

AND GENERAL

COMPARISONS
K.iternal

Number, Shape, and

Size Relationdata indicate that C.
wislizeni has a more slender and elongated
body, a shorter skull, and a naiTower head,
proportionately, than does C. collaris.
The
different body shapes have resulted from selection for more streamlined forms, in the case
ships.

— The

statistical

which have an advantage for
on the sandy desert flats where this lizard
is usually found; whereas C. collaris has developed a stout body, as required by its more
rugged habitat on the large rocks strewn on
the desert floor and at the foot of talus slopes.
The narrower head, as seen by the skull wddth/
skull length comparisons, is only an external
character and therefore must be interpreted as
being the result of larger temporal muscles in
life

C. collaris.

character

of

and

C. reticulatus are more similar than either is to C.
wislizeni. There has been a natural selection
in C. collaris and C. redculatus for an enlargement of the mesial head which takes a more
solid origin; while degeneration has left C.
wislizeni with only a rudiment to represent it.
Accounts of this aspect of the episternocleidomastoideus in related lizards are difficult
However, Camp (1923:459) figures
to find.
this muscle in Gekko verticil latus as having
a single head, and Oelrich (1956, Plate 36),
in his study of Ctenosaura pectinata, shows it
with a small mesial slip of origin.
tins

taxonoinic system, but rather, appears to be
connected with a greatei' or lesser degree of
burrowing habits (Camp. 1923:448). The presence of the cervicomanibularis in C. wislizeni and its absence in C. collaris, then, suggests greater fossorial habits for the fonner,
but does not give a clue as to their phylogonetic

of C. wislizeni.

Muscles, being the most changeable of morphological structures, as pointed out by Brock
(1938:736). present many problems when used
for comparative purposes. Huntington (1903)
comments on the difficulties involved in using
muscles to detennine phylogeny. The problems are augmented, on the generic level, by
the limited number of myological studies availEpisternoclcidomastoideus
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collaris

was found

to

have

three recognizable bundles in C. wislizeni. the
posterior of which is easily separable; whereas only two, non-separable bundles are present
in C. collaris. It was also found that the origin
of this muscle in C. wislizeni covers a greater
area than does that of the same muscle in C.
collaris, with respect to the skull length. The
separable, posterior bundle in C. wislizeni is
undoubtedly the homologue of the cervicomandibularis of other lizards. This muscle is
found, thioughout the various genera, to be
present, absent, or fused in different degrees
with the remainder of the depressor mandibuIts
laris (Camp. 1923 and Kesteven, 1944).
state in the different cases does not follow any

No difference was found with respect to
the distance between the external nares, nor
in the rostral and mental sizes as related to
the adjacent labials. However, it holds true
that the number of postmentals is greater in
C. wislizeni than in C. collaris (Smith. 1946:
158). This character, then, is important taxonomically, but doubtfully of more than specific significance.

We

were unable

to find

any important

dif-

ference in the sizes of the body and caudal
scales of the two species
first suggested as a
distinguishing character by Baird and Girard
(1852b: 340).
Seventy-two per cent of the
specunens of C. wislizeni examined have an
enlarged median row of internasals (Hallowell, 1852:207), irregular in all but one specimen. Thirty-eight per cent of the C. collaris
also have an enlarged median row, which is
regular in one specimen, from Castle Rock.
Washington County, Utah. One individual of
the latter species has two regular median rows.
Equal indication of a pregidar fold was found
in specimens of C. wislizeni and those of C.
collaris.
The fringe of protruding scales bordering the vential lamellae of the fourth hind
toe. laterally, is constantly present, in varying
degrees, in C. wislizeni; but is merely the result of an exaggerated extension of a similar

—

bolder of scales in C. collaris.
Therefoie. it is felt that all these charactei-
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istics, as well as the difference in the dorsal
scale pattern of the head and the number of
suboculars, fit into the category of minor or
unimportant taxonomic criteria in the case of

these species.

—

No differSize Relationships of Skull Parts.
ence was found in the relative skull width as
measured in two places, the skull height, the
nasal bone length, the extent of the frontoparietal suture, or in the shape of the orbit.
The

fenestra exonorina and associated premaxlengths, the snout to orbit distance, and
the snout to parietal distance are greater in
C. wislizeni; whereas, the snout to quadrate
distance is not, and the total skull length is
actually less, proportionately, than in C. collaris.
These data indicate that C. wislizeni
has a more elongated snout, and that this
length advantage is carried on through to the
illa

posterior border of the parietal. However, an
immediate change takes place between that
point and the quadrate, which results from a
proportionately greater extension of the posterolateral wing of the parietal in C. collaris,
accompanied by an elongation of the squamosal

and other bones concerned.

The longer snout

of C. wislizeni gives this
species an advantage for burrowing in its typical habitat. It is interesting to note that only

the snout is elongated, proportionately, and not
the entire head as reported by Baird and Girard (1852a; 69). The elongation of the posterior skull region in C. collaris, producing a
larger temporal fossa and a proportionately
longer skull, is no doubt a result of correlation
with the selection for larger temporal muscles
in this species, as mentioned above. A similar
condition was reported by Lundelius (1957)
for Sceloporus olivaceus and S. undulatus.
The data show that the distance between
the dorsolateral margins (crests) of the parietal
proper is proportionally greater in C. wislizeni.
It was also observed that this distance, in the
species mentioned, increases slowly with age.
whereas in C. collaris after the sub-adult or
adult stage, it decreases. The decrease results
from a mesial movement of the crest, by demand of the developing temporal muscles as
the parietal grows upward. The fact that this
crest does not move mesially in C. wislizeni
is evidence for the lesser importance of the

jaw muscles

in this species.

Less obvious differences in the skulls are
the more arched frontal, the less posteriorly
inclined posterior margin of the fenestra exonarina as seen laterally, and the greater general bone thickness in the case of C. collaris.
The two ffirmer characters have been modified

burrowing habits, while the
undoubtedly correlated with the greater jaw muscles of C. collaris. Cope (1892:202203 and 1900:246-247) states that the pineal
foramen is in the parietal in C. wislizeni. and
in C. irislizeni for
latter

is

Vol.

No.

11,

1

in the frontal in
C. collaris, bordering the
coronal (fronto-parietal) suture in both cases.
have found this foramen present in the
frontal and parietal of both species. However,
is
usually found centered in the suture.
it
Brattstrom "(1953:177-178) notes some slight
differences in the shape and size of the maxGeorge
illae of C. wislizeni and C. collaris.
(1955) demonstrates some skull differences
between Urornastix hardwicki and U. aegyptia.

We

Number and

types of Teeth.

—The

number

of

premaxillary and dentary teeth is the same
in both species, but C. wislizeni has more maxillary teeth, and they are narrower and slightly longer than those of C. collaris. The short,
thick teeth of C. collaris are compatible with
its heavier skull and more massive jaw muscles.

Both species posses pterygoid teeth, as reported for the genus by Boulenger (1885:203).
It is not clear why Camp (1923:365-366) lists
one species of this genus as lacking such teeth.

Sternum and Related

Parts.

—The

sternum

is

proportionately narrower in C. wislizeni, as
correlated with its elongated body and fossorial
habits.
In this species the clavicle is wider,
proportionately, to allow for its fairly large
and regular perforation which lies deep to the
origin of the clavodeltoideus muscle. Twenty
per cent of the specimens of C. collaris observed had some type of a perforation in the
clavicle; usually in the form of a slit, but

never large or regular. The solid clavicle of
C. collaris provides gi-eater support for the
No difference was seen
pectoral apparatus.
with respect to the interclavicle width.

Boulenger (1885:203) considers Crotaphy-

median sternal fontanelle, and
Cope (1892:203 and 1900:247) states that C.

tus as lacking a

whereas, C. wislizeni does not.
found at least a small median fontanelle
to be present in all specimens of both species
examined, except two of C. collaris from Elberta, Utah County. Utah; and Colonia Juarez, Chihuahua, Mexico (B.Y.U. 15185).

collaris has one,

We

Hyoid Character.

—The hyoid

is

very different

The second

ceratobranchials
are proportionately shorter as well as weaker
and less closely appressed in C. wislizeni. The
length of the anterolateral projection of the
basihyal is greater in C. wislizeni, whereas the
mesial process, sei-ving for the origin of the
branchiohyoideus muscle is narrower.
in these species.

It seems logical to attribute these hvoid differences to sexual selection, in C. collaris, for
males with larger throat fans and to assume
that this was not a selective character in C.
wislizeni. Supporting this view is the fact that
the latter species has not developed a bright
coloration of the gular region in correlation
with the throat fan. as has C. collaris (Burt,
.

1929:418)

This

mav

be an important factor
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discouraging hybridizatiun
sympatric species.
in

Egg Complement.

between

these

—

Unfortunately, original observations on egg clutches for Crotciphytus are
few; and these have been repeated, often without reference, by numerous authors. The report of Ditmars 0907:115) of 21 eggs laid by
a female C. collaris has almost become legendary; in spite of the fact that all subsequent
observers
have
reported
strikingly
fewer
eggs.* Those which have observed egg clutches
Bently
or large eggs within females are:
(1919:89), Camp (1916:522), Johnson (1948:

Richardson
and Shaw
260).
(1915:408),
(1952:72), for C. wislizcni; and Anderson
(1942:208), Burt (1928a: 10), Burt and Hoyle
(1934:198). Clark (1946: 136), Ditmars (1907:
115). Fitch (1956:236), Greenberg (1945:229),
Hallowell (1856:239), Johnson et al. (1948:
259). and Shaw (1952:73), for C. collaris. The
details of these reports are listed in

Table

2.

The high counts

of small eggs within the
both species, as compared to the
number of eggs finally laid, suggest a pattern
similar to that found in Eumeces skiltonianus
(Tanner. 1957:82-89). However, the fact that
small eggs are still present when others are
ready to be laid raises the possibility that
atrophy does not take place as in the skink,
but that a few eggs are induced to enlarge to
laying size, while the others remain for use
at a later date. The data at hand are insufficient to allow a decision.

ovaries

of

The average number of eggs which we determined for C. collaris is slightly lower than
that of 7.55 ± .7 found for 29 clutches by
Fitch (1956:235). However, this difference is
not significant (t^.971). Although our analysis

of data

suggests a

borderline difference

between the egg complements of the two species, if the exceptional obsei'vations of Ditmars
(1907:115) and Burt and Hoyle (1934:198)
are not included, this difference is not significant even at the .05 level of significance (t^
1.86).

29

laige eggs (over 4nini. in diameter) in female
lizards is a good indication of the actual number laid per clutch. Also, a certain amount
of bias can be expected because all of the subspecies of C. collaris were not represented by
equal numbers. Further studies are necessary
before the egg complement can be used as a
taxonomic chaiacter for these species.

CONCLUSION
Smith (1946:158-159; usetl ten characters
to distinguish Gambelia as a genus. Only half
of these are true differences between C. wislizetii and C. collaris:
the external shape
1 )
of the head, 2) the numbei- of postmentals, 3)
the number of suboculars, 4) the general character of the dorsal head scales, and 5) the
character of the scales which border the ventral lamellae on the lateral surface of the
fourth toe.

differences between the two
the character of the episternocleidomastoidous and the depressor mandibularis muscles, 2) the body proportions, 3) the relative size and shape of the skull and its component bones, 4) the number of maxillary
teeth, 5) the shape of the sternum. 6) the
width and character of the clavicle, and 7) the
relative sizes of the hyoid parts. C. reticulatus
is intermediate between the two species of this
study with respect to the episternocleidomastoideus and the depressor mandibularis

Additional

species are:

1 )

Many of the characters found to be different are a direct result of the adaptations of
these sympatric species to their respective habitats. Our data suggest that none are of generic
significance.

Based on the evidences available in this
study as well as those indicated in previous
studies, there is no reason to separate Gambelia
from Crotaphytus.

SUMMARY
The

anterior musculature of C. wislizeni
C. collaris is described in detail and compared. Size and number relationships of the
skull and its component bones, the sternum, the
clavicle, the parts of the hyoid, the general

and

There

is

some reason

to

question the val-

extreme egg counts. Uncontrolled
conditions existed in both cases, since Ditmars
(1907:115) apparently had several lizards
within the same enclosure, and the observation of Burt and Hoyle (1934:198) was made

body form, certain scales and teeth, and the
eggs per clutch were determined for large samples of both species and then statistically com-

in the field. If the true mean of the nuinbei'
of eggs per clutch is around 6.7, as suggested
by the present analysis, the statistical probability that a clutch with 21 eggs would occur
by chance alone is so small that it can be considered extremely unlikely.
The present study is limited by the fact
that we have assumed that the number of

differences cncounteretl by this study,
as the valid ones of those listed by
Smith (1946:158-159) are not considered to be
important generically and Gambelia is not
given generic status

idity of these

•We
servation

do not consider the report of Strecker (1910:6). which has aKi

pared. The general character of many structures is also compared and notes are made on
C. reticulatus.

The

as

well

bet^n

rejieateiJ

many

liiiics,

lu

lia\f

been

ba^ed

on an

aetual

ob

BRIGHAM YOUNG UNIVERSITY SCIENCE BULLETIN

30

LITERATURE CITED
Adams. Leverett Allen
1919

1923

on the phylogeny of the jaw musrecent and fossil vertebrates. Ann.

in

New York

Acad.

Sci.,

28:51-166, 13

Nat.
Clark.

pis.

Morrow

1933

Report on a collection of amphibians and rep
from Sonora. Me.xKO. witli the clcsciiptiun
of a new lizard. Occ. Pap. Mus. Zool. Univ.
Michigan. 1 1 (259) 1-15.

Anderson, Paul
1942 Amphibians and reptiles of Jackson County,
Missouri. Bull. Chicago Acad. Sci.. 6(1 0:203
220.

Cope,

Edward Drinker

The

1892

osteology of the Lacertilia. Proc. Amer.
Philos. Soc, 30(138): 185-221, pis. 2-6.
The crocodilians, lizards, and snakes of North

1900

America. In Annual Rep. U.S. National Mus.,
1898(2): 151-1294, 36 pis.

Dwight D.
The collared

1934

Description

new genera and

of

species

of
of

North American lizards in the museum
tlie Smithsonian Institution. Proc. Acad. Nat.
Reptiles of the boundary. In Emory, William
H. United States and Me.xican boundary survey. Washington 2(2): 1-35, 41 pis.

.

p.

.

Ditmars,

Catalogue of the lizards in the British Museum (Natural History). Second edition. Taylor and Francis; London, vol. 2, xiii, 497 p.,
24 pis.

Records of Pleistocene reptiles from California. Copeia, 1953 (3):174-179.

1939

Burt, Charles E.
lizards of Kansas.
Louis, 26(1):1-81.

Trans. Acad.

Sci.

St

1928b The synonymy, variation, and distribution of
the collared lizard, Crotaphytus coUaris (Say).
Occ. Pap. Mus. Zool. Univ. Michigan. 8(196)

1934

Univ.
841

p.,

functional evolution of
the atlas-axis complex from fish to mammals.
Ann. New York Acad. Sci., 39(2):29-104.

William

L.

Hoyle

Additional records of the reptiles of the cenprairie region of the United States.
tral
Trans. Kansas Acad. Sci., 37:193-216.

ecological study of the collared lizard
(Crotaphytus collaris). Univ. Kansas Pub.
Mus. Nat. Hist., 8(3)213-274, pis. 3-6. 10
figs., 9 tbls.

Goodrich, Edwin

1930

lizard. Copeia,

1852

behavior of the collared
1945 (4): 225-230, 1 pi,

social

Edward
a new genus and

three new species of
Proc.
inhabiting North America.
Acad. Nat. Sci. Philadelphia, 6:206-209.
Notice of a collection of reptiles from Kansas
and Nebraska, presented to the Academy of
Natural Sciences, by Dr. Hammond, U.S.A.
Proc. Acad. Nat. Sci. Philadelphia, 8:238-

On

reptiles

1856

253.

Holbrook, John Edwards
1842 North American herpetology or. a description
of the reptiles inhabiting the United States.
J.

Dobson; Philadelphia,

20

col. pis.

Huntington, Geo.
Notes on the local distribution and habits of
the amphibians and reptiles of southeastern
California in the vicinity of the Turtle Moun-

S.

Studies on the sturcture and development of
vertebrates.
Macmillan; London, xxx, 837
p., bibl. 787-828.

Greenberg, Bernard
1945 Notes on the

7 pis.

sexual dimorphism of the collared lizard,
Crotaphytus collaris. Pap. Michigan Acad.
Sci., 10:417-421. pi. 23.

S.

An

1

The

Camp, Charles Lewis
1916

muscles of vertebrates.
Cambridge. 493

Press;

George, J. C.
948 The muscular system of Uromastii hardwickii
(Gray). Joum. Univ. Bombay. 17(3): 1-23.
1955 On the cranial osteology of TJromastix Hardwickii (Gray). Joum. Animal Morphol, and
Physiol.; 1(2): 23-29, 6 figs.

Hallowell,

The

Burt. Charles E. and

cranial

The morphology and

Henry

—

of the Gecko.
a general account, with a comparison of the muscles in other Gnathostonies. Proc. Zool. Soc.
London, series B. 108:735-761, 8 text-figs.

:1-19,

Doubleday, Page; Gar472 p., 8 col. pis.,

xxxii,

Evans, Francis Gaynor

Reptiles collected in the vicinity of Currant,
Nye County, Nevada. Copeia, 1919(75) :87-

Gwendolen T.
The cranial muscles

1929

.

figs.

1956

Brattstrom, Bayard H.

1928a

The

Cambridge

91.

1938

.

Mac-

guide

57p.

Edgeworth, F. H.

.

Boulenger. George Albert

Brock,

.

viii,

den City, New York,
400 photos.

Fitch,

1953

York,

356-365.

Bently, George H.

1885

lizard, a laboratory

New

Raymond Lee
The reptile book

1935

1852a Characteristics of some new reptiles in the
museum of the Smithsonian Institution. Proc.
Acad. Nat. Sci. Philadelphia, 6:68-70.
1852b Reptiles. In Stansbury. Howard. Exploration
and survey of the valley of the Great Salt
Lippincott-Gambo; PhilaLake of Utah
delphia,

millan;

1907

Philadelphia, 10:253-256.

Baird, Spencer F. and Charles Girard

1919

Amer. Mus.
te.xt-figs,

136-139.

Davis,

Baird, Spencer F.

1859

12(17):503-

Incubation and respiration of eggs of Crotac. collaris (Say). Herpetologica. 3(4):

:

Sci.

Bull.

48(11):289-481, 112

1

phytus

J.

tiles

1858

Hist..

No,

II,

Hugh

1946
Allen.

Zool.

Pub.

Calif.

544. pis. 19-22.
Classification of the lizards.

A memoir
cles

Univ.

tains.

Vol.

1903

vol. 2, iv, p.

9-142,

S.

Present problems of myological research and
the significance and classification of muscular
Amer. Journ. Anat,, 2(2) 157-

variations.
175, 7 pis.

:

A COMPARATIVE STUDY OF THE GENUS CROTAPHYTUS

1962

Huxley, Julian S.
1940 The new systematics. Clarendon; Oxford
583 p.

.

1959

Trunck musculature
(Gunther). Journ

James. Edwin (compiled by)
1823 Account of an expedition from Pittsburgh to
the Rocky Mountains, performed in the years
1810 and "20
from the notes of ISIajor
Long, Mr. T. Say, and other gentlemen of
the exploring party. H. C. Carey and I. Lea;
Philadelphia, vol. 2 xcviii. +42 p.
.

.

Univ.
tains area of California.
Zool., 48(5):221-37J. 52 figs.,
1

Calif.

and

evolution of the skull and the cephalic
muscles. A comparative study of their development and adult morphology. Memoir Australian Mus.. Svdney. number 8. part 3:237-

269.
L., Jr.

Skeletal adaptations in two species of Sceloporus. Evolution. IK 0:65-83. 10 figs. 12

1957

tbls.

Mivart.

St.

1867

1952

George

E.

Notes on the eggs and young of some United
States and Mexican lizards, I. Herpetologica.

.

Smith. Hobart Muii and Edward H. Taylor
1950 An annotated checklist and key to the rep
tiles of Mexico exclusive of the snakes Bull.
U.S. Nat. Mus., (199): 1-253.
Stebbins, Robert C.
1948
Nasal stiuilure in lizaids with reference to
olfaction and conditioning of the inspired
air.
Amer. Journ. Anat. 83(2) 183-221, 9
figs.

Strecker.

John

K.. Jr.

Notes on the fiiuiia of
poilioii uf the canyon region of northwestern Texas. Baylor
Univ. Bull., 13(4-5) :1-M.
pi.. 2 figs.
.i

1

head of Cienosaura pectinata (Iguanidae). Misc. Pub. Mus. Zool
Univ. Michigan, (94): 1-122, 59 figs.
of the

Tanner. Wilmer W.
1957 A taxonomic and ecological study
tein skink (Eumeccs skiltoninnus)
sin Naturalist, 17(3-4) 59-94.

The

dorsal axial musculature of certain primpennian tetrapods. Journ. Morphol.,
59(2):265-311, 12 figs.
itive

Phleger. Fred B Jr
1940 Relative growth and vertebrate phylogeny.
Amer. Journ. Sci.. 238(9) :643-662. 6 figs,
.

Richardson, Charles Howard
1915
Reptiles of north western Nevada and adiacent
territory. Proc. U.S. National Mus., 48(2078)
:403-435.

Great Ba-

Taylor, Edward Harrison
1935
A taxonomic study of the cosmopolitan scincuid lizards of the genus Eumeccs with an
account of the distribution and relationships
Univ. Kansas Sci. Bull, 23:
of its species.
1-643. 43 pis.. 84 figs

Van Denburgh. John
1922 The reptiles
Pap.

Occ.

of

Western North America
Acad Sci.. 10:1-611,
.

.

.

California

1-57.

pis.

Van Denburgh, John and
1921

Richmond. Samuel B
Principles of
statistical
Press; New York. xii. 491

of the wes-

:

Olson. Everett Claire

1957

Ich.

maps.

Oelrich.

1936

Soc.

p.

of lizards, lizards of the United
States and of Canada. Comstock; Ithaca, New
1 35
York, xxi, 557 p
pis.. 136 text-figs., 41

I'MO

figs.

1

Amer.

'

280

:

Notes on the myology of Iguana tuberculatn
London. 1867-766-797 18
Proc. Zool. Soc

Thomas M.
956 The anatomy

viii,

8(3):71-78.

The

Lundelius, Ernest

2(2):89-99.

Smith, Hobart Muir
1446 Handbook

Kesteven. H. Leighton

1944

.Sci.,

Sixth edition.

reptiles.

Herp

Pub.

map.

Chamaeleon vulgaris

of

Bio.

Schmidt. Karl P
1922 The amphibians and reptiles of Lower California and the neighboring islands.
Bull.
Amer. Mus. Nat. Hist.. 46(1 1 ) :607-707.
1953 A check list of North American amphibians

Shaw, Charles

M. D. Bryant, and A. H. Miller
Vertebrate anmials of the providence moun-

Johnson. D. H.,
1948

M.

Sathe, Avinash
viii.

31

analysis

Ronald

p.

Joseph R. Slevin
Preliminary diagnoses of new species of reptiles from islands in the Gulf of California,
Mexico. Proc. California Acad. Sci, series
11:95-98.

4,

Robison, W. Gerald. Jr
I960 A comparative study of Crotaphytus Holbrook (Iguanidae).
Unpublished thesis. 69
p., 12 pis.

Walker. Helen M. and Joseph Lev
1953

Henry Holt; New York,

Statistical inference
.xi,

510

p.

Watson, D.M.S.

Romer, Alfred Sherwood
1924

1956

1954

Pectoral limb musculature and shoulder-girdle structure in fish and tetrapods. Anat. Rec.
27(2):119-143. 10 figs.
L'niv.
Chicago
Osteology of the reptiles
248 figs, bibl
\xi.
772 ]i
Press; Illiuuis
709-736.
.

On

Bolosaurus and the origin and classifica-

tion of reptiles.

Bull

Mus. Comp. Zool. Har-

vard Univ.. lll(9):297-449,
Williston,

1925

S,

1

pi

W.

Osteology
Press.

of

the

Cambridge,

reptiles.
xiii.

300

Harvard
p.,

191 figs

Univ.

(^^"^/o

